###### Strengths and limitations of this study

-   A double-blind, sham-controlled, randomised clinical trial.

-   The first to investigate longitudinal use of positional therapy in pregnancy in the home setting.

-   Results may not be generalisable to pregnant women with medical or pregnancy complications, non-Ghanaian ethnicity or living in other parts of the world.

-   Determination of adherence to device use was largely subjective, relying mostly on participants' self-reports.

-   May be underpowered to detect a clinically meaningful difference.

Introduction {#s1}
============

Background {#s1a}
----------

Stillbirth (SB; a baby born with no signs of life at or after 28 weeks\' gestation) and low birth weight (LBW; weight less than 2500 grams at birth), two devastating complications of pregnancy, disproportionately impact low- and middle-income countries.[@R1] Five recent studies have demonstrated an association between maternal supine sleeping position in late pregnancy and risk of third trimester SB (between 28 and 40 completed weeks' gestation)[@R4] and LBW.[@R4] The authors were first to demonstrate that supine sleep during pregnancy is associated with SB via a mediating effect of LBW in an African population.[@R4] The population attributable risk of supine sleep for SB is reported between 3.7% and 26%,[@R4] suggesting that a significant proportion of third trimester SB could be averted if supine sleep was avoided. While several major risk factors for SB and LBW are not amenable to intervention during the course of the pregnancy (eg, elevated BMI, advanced maternal age), recent studies suggest that maternal sleep position can be modified.[@R9] This has particular relevance given that pregnant women spend between 17% to 25% of their sleep time supine in the third trimester.[@R11]

The contribution of supine sleep to LBW and SB is biologically plausible via aortocaval compression by the gravid uterus when supine, which results in reduced maternal cardiac output, maternal aortic blood flow, placental perfusion and foetal oxygen saturation.[@R14] The supine position also exacerbates sleep-disordered breathing (SDB),[@R32] which has been linked to adverse pregnancy outcomes.[@R34] In persons with mild- to moderate-SDB, the majority experience most of their breathing abnormalities while supine.[@R37]Positional therapy (PT) is a simple, safe and effective treatment that helps these individuals maintain a lateral position while sleeping, thereby significantly reducing or eliminating their breathing abnormalities.[@R37] However, among persons with SDB, issues with long-term adherence to PT have been documented.[@R38] Drawing on the concept of PT for SDB, the authors designed a PT device for pregnant women called 'PrenaBelt' to minimise supine sleep ([figure 1](#F1){ref-type="fig"}).

![PrenaBelt.](bmjopen-2018-022981f01){#F1}

Objectives {#s1b}
----------

The primary objective was to determine the effect, on birth weight and customised birth weight centile, of use of the PrenaBelt during sleep in the home setting throughout the third trimester of pregnancy in comparison with a sham-PrenaBelt. Secondary objectives were to: evaluate participant adherence, assess the effectiveness of the PrenaBelt in reducing time sleeping supine, collect participant feedback on the PrenaBelt and evaluate the feasibility of introducing the PrenaBelt to third trimester pregnant women by maternity personnel at an antenatal care clinic in Ghana.

Methods {#s2}
=======

Trial design {#s2a}
------------

A single-centre, double-blind, randomised (one-to-one), sham-controlled clinical trial. After trial commencement, three protocol amendments occurred: birth weight centile was added as a trial outcome, feedback was inadvertently elicited from some participants in the sham group and a subgroup analysis of the effect of adherence on the primary outcome was specified.

Patient and public involvement {#s2b}
------------------------------

Patients and the public were not involved in the development of the research question or outcome measures, design of the study, recruitment process or conduct of the study. There was no formal plan to disseminate the results to the participants.

Participants {#s2c}
------------

Participants were recruited by maternity personnel when presenting for antenatal care at the Korle Bu Teaching Hospital (KBTH) -- a tertiary-level hospital in Accra, Ghana, with over 10 000 newborns delivered annually. The KBTH is affiliated with the University of Ghana and is the leading national referral centre. Accra is the capital of Ghana and has an urban population of approximately 2.3 million. Patients expressing interest in the study were screened for eligibility.

Participants were eligible if they had a low-risk singleton pregnancy, were ≥18 years of age, entering the third trimester of pregnancy (range 26 to 30 weeks' gestational age), residing in the Greater Accra Metropolitan Area or area served by the KBTH and fluent in either English, Twi or Ga. Exclusion criteria included body mass index (BMI) ≥35 kg/m^2^ at the first antenatal appointment, obstetrical conditions (chronic or gestational hypertension, pre-eclampsia, diabetes, intra-uterine growth restriction), sleep complicated by any medical conditions (known obstructive sleep apnoea, known to get \<4 hours of sleep per night due to insomnia, musculoskeletal disorder that prevents sleeping on the side), multiple pregnancy, known foetal-abnormality and advanced maternal age (\>35 years old).

All participants in the trial gave written (or verbal, thumbprint and witnessed if illiterate) informed consent, which was endorsed by the participant's spouse where applicable. This trial was approved and monitored by the Ghana Food and Drugs Authority (Accra, Ghana; Clinical Trial Certificate FDA/CT/152), the Noguchi Memorial Institute for Medical Research Institutional Review Board (Accra, Ghana; CPN 069/14--15) and the IWK Health Centre Research Ethics Board (Halifax, Canada; Project No. 1019318). This study had a local independent trial monitor. There was no independent data monitoring committee.

Interventions {#s2d}
-------------

Each participant was instructed to use her assigned device (PrenaBelt or sham-PrenaBelt) every night for the remainder of her pregnancy (approximately 12 weeks) and was provided a sleep diary and pen to track use.

The PrenaBelt is worn at the level of the waist and has two back pockets each containing two rigid, hollow, polyethylene balls held securely in place by a foam insert ([figure 1](#F1){ref-type="fig"}.). The theoretical mechanism of the PrenaBelt is based on the tennis-ball technique of positional therapy[@R39]: when supine, the balls apply pressure points across the user's lower back, prompting her to reposition herself in a lateral position to maintain comfort. The sham-PrenaBelt was identical in appearance, materials and construction to the PrenaBelt, but had soft foam balls instead of firm plastic balls and did not have foam inserts. A body position sensor (BPS) -- a commercially available three-axis accelerometer (MSR Electronics GmbH, Henggart, Switzerland) -- was incorporated into a subset of the devices (hereinafter referred to as the 'BPS cohort') ([figure 2](#F2){ref-type="fig"}).
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Participants underwent an enrolment interview to elicit age, gestational age, gravidity, parity, education level, family income, current and pre-pregnancy BMI, nightly sleep duration, current and pre-pregnancy body position at sleep onset and waking, part of the bed the participant sleeps on, pillow use, presence of a bed partner, use of an insecticide treated bed net, participant snoring and past medical conditions.

During recruitment, participants were informed about the reason for the study, that is, recent studies have shown an association between supine sleep and stillbirth and low birth weight; however, the participants were not instructed to avoid or prefer any given sleeping position. Maternity personnel conducted introduction sessions to teach each participant how to use the device, practice trying it on and experience how it feels when lying down. Participants were instructed not to share their device with anyone. Participants were informed that it may take several nights to adjust to sleeping with the device and that they may discontinue use at any time. Participants were instructed to return to KBTH for their regular antenatal care (fortnightly from 28 to 36 weeks' gestation then weekly until delivery) and labour/delivery. During antenatal care, each participant briefly met with maternity personnel who inquired regarding her willingness to continue participating in the study, continued eligibility, experience of any adverse effects and to remind her to return her device and sleep diary at labour/delivery.

After labour/delivery, participants in the treatment (PrenaBelt) group gave feedback on the PrenaBelt.

Outcomes {#s2e}
--------

The primary outcome, birth weight, was measured using a Detecto newborn scale (Webb City, USA) and documented in the participant's hospital folder immediately after delivery by a midwife who was not a part of the study team and was not aware of the treatment allocation. Birth weight was subsequently abstracted by the blinded outcomes assessor (MO).

Adherence to using the assigned device (percentage of nights used relative to the total number of nights in the trial) was determined from the sleep diary (all participants) and the BPS (BPS cohort). For the BPS cohort, the raw accelerometer data was resolved to yield body position during device use. Pregnancy outcomes were abstracted from the hospital folders by the blinded outcomes assessor: mode of delivery, gestational age at delivery, sex, stillbirth and any obstetrical diagnosis during labour/delivery. Feedback from participants in the treatment group was collected by maternity personnel: experience understanding and learning to use the PrenaBelt, general use pattern, number of nights of use per week, deterrents to use, other uses, perception of effect on sleep position, quality, quantity and her level of satisfaction, comfort and intention to use the PrenaBelt in a future pregnancy on a 10-point Likert scale (10 out of 10=most favourable response, 1 out of 10=least). At completion of recruitment, the maternity personnel completing the device introduction sessions completed a questionnaire eliciting their training level, professional experience and perspectives on session duration, delivery method and challenges.

Birth weight centile was calculated using the gestation-related optimal weight (GROW) software,[@R42] which accounts for the main non-pathological factors affecting birth weight (gestational age, maternal height, maternal weight at booking, parity, ethnicity and sex of the neonate) and, as such, enables delineation between constitutional and pathological smallness and more accurate detection of pregnancies at increased risk for adverse outcomes.[@R44] This was an additional trial outcome specified after trial commencement. Small for gestational age was defined as a GROW birth weight centile less than 10%.

Sample size {#s2f}
-----------

The sample size calculation was performed using the 'PS power and sample size programme' (V.3.0). Based on a previous study in Ghana by members of our team, we expected a 300 g difference in birth weight between the treatment and sham groups and a SD (pooled) of 643 g.[@R4] For a power (β) of 0.80 and type I error probability (α) of 0.05, we arrived at a sample size of 146 (73 per group) to reject the null hypothesis that the mean birth weight of the treatment and sham groups were equal. Based on an estimated lost-to-follow-up of 20% to 30%, target enrolment was 200 participants (100 per group).

Randomisation {#s2g}
-------------

Each participant was randomly allocated to either the treatment or sham group. The allocation sequence was concealed via unmarked, security-tinted, sealed envelopes and generated by a computerised (R statistical software, V.3.2.0),[@R46] one-to-one, simple randomisation scheme by an independent statistician (MB) not involved in any study activities in Ghana. An envelope was drawn in sequence by the recruiters, opened and the participant's name and birth date were recorded on an enclosed allocation form.

Blinding {#s2h}
--------

Participants remained blinded to the allocation until after study completion. Efforts to ensure that each participant did not know what the alternate device looked or felt like included conducting separate introduction sessions for each group and ensuring no balls or foam inserts were in the device (so it was configured neither as a PrenaBelt nor sham-PrenaBelt) during demonstrations.

Statistical methods {#s2i}
-------------------

All statistical analyses were performed in the R statistical software package (V.3.2.4).[@R46] Data was double-entered (JW, SM) from scanned originals into Microsoft Excel files, double-entry checked (AK) using the Spreadsheet Inquire add-in and scrubbed prior to the final analysis (AK).

Primary, secondary and adverse event outcomes were compared between groups. Adverse events (AEs) were classified as 'common AEs' if they occurred in ≥1% of the participants in the treatment group. For continuous variables, normality was assessed using Q-Q plots and the Anderson-Darling test. T-tests were used for normally-distributed data and Wilcoxon rank sum test for non-normal distributions. All statistical tests were two-sided. Dichotomous and categorical data was analysed using Fisher's exact test. A p value of ≤0.05 was considered statistically significant and CI of 95% were used.

Results {#s3}
=======

Between September 2015 and March 2016, 276 women were assessed for eligibility ([figure 2](#F2){ref-type="fig"}). Seventy-six (28%) did not meet the eligibility criteria -- we did not collect any data from them. When 200 participants were randomised (n=100 per group), the target enrolment was reached and recruitment stopped. After randomisation, 14 (7%) -- five treatments and nine shams -- were excluded from the all analyses because we lacked outcome data for them. Of these 14, five had dropped out due to poor adherence and/or discomfort, three were lost to follow-up, four had delivered at another hospital and two were excluded after it was discovered that they had been mistakenly enroled (one had not disclosed a pre-existing obstetrical complication, one was enrolled at 36 weeks' gestation due to incorrect pregnancy dating). Further, 19 -- 12 treatments and seven shams -- delivering on or before 30 November, 2015, were excluded from the primary analysis (birth weight and GROW centile) and two secondary analyses that are dependent on birth weight (frequency of low birth weight and small for gestational age) because their birth weight data were flawed (their newborns were weighed on different newborn scales -- analogue scales on the KBTH labour wards were replaced with new digital scales on 31 November, 2015). Thus, 167 participants (including four dropouts and one lost to follow-up) -- 83 treatments and 84 shams -- were included in the primary analysis, which was by intention to treat. The newborns included in the primary analysis were born from 31 November, 2015, through 13 May, 2016.

For those not completing the trial (n=19), there was no difference in time-before-discontinuation of participation between intervention groups (data not shown). See online [supplementary file 1](#SP1){ref-type="supplementary-material"} for baseline characteristics of the participants included in the primary analysis (n=167) and those excluded (n=33) per randomised group.
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Sample characteristics {#s3a}
----------------------

Baseline demographical, obstetrical and previous sleep habit characteristics of the 167 participants included in the primary analysis are shown in [table 1](#T1){ref-type="table"} per randomised group. The median age was 29 years and gestational age at recruitment was 28 weeks. The majority of participants were gravida 2 or greater and, hence, para 1 or greater. The majority had tertiary-level education. In the week previous to recruitment, left was the most common sleep onset and waking position, while prone was the most common when not pregnant. The majority of the participants slept with a pillow under their head and had a bed partner. The only statistically significant difference between the trial groups was nightly sleep duration.

###### 

Baseline demographical, obstetrical and sleep habit characteristics for participants included in the primary analysis

                                     Treatment (n=83)           Sham (n=84)
  ---------------------------------- -------------------------- --------------------------
  Age (years)                        29 (27 to 31)              29 (28 to 32)
  Gestational age (weeks)            28.0 (26.4 to 28.2)        28.0 (27.0 to 29.0)
  Gravidity                                                     
    1                                21 (25%)                   33 (39%)
   ≥2                                62 (75%)                   51 (61%)
  Parity                                                        
    0                                30 (36%)                   40 (48%)
   ≥1                                53 (64%)                   44 (52%)
  Education level                                               
    Tertiary                         51 (61%)                   50 (60%)
    Vocational                       1 (1%)                     1 (1%)
    Senior high                      15 (18%)                   26 (33%)
    Junior high                      12 (14%)                   5 (7%)
    Primary                          3 (4%)                     2 (2%)
    Undisclosed                      1 (1%)                     0 (0%)
  Household income (cedis/month)     1200 (500 to 2500) \[8\]   1400 (600 to 2500) \[3\]
  Current BMI (kg/m^2^)              28.9±4.2 \[2\]             28.8±4.3 \[2\]
  Pre-pregnancy BMI (kg/m^2^)        26.1±4.1 \[2\]             26.2±4.0 \[3\]
  Nightly sleep duration (hours)\*   7.8±1.3 \[1\]              8.2±1.3
  In the last week, usual                                       
    Sleep onset positions                                       
     Left                            42 (51%)                   48 (57%)
     Supine                          12 (14%)                   10 (12%)
     Right                           33 (40%)                   29 (34%)
     Prone                           2 (2%)                     0 (0%)
    Waking positions                                            
     Left                            30 (36%)                   33 (39%)
     Supine                          22 (27%)                   18 (21%)
     Right                           27 (33%)                   34 (40%)
     Prone                           4 (5%)                     2 (2%)
  When not pregnant, usual                                      
    Sleep onset positions:                                      
     Left                            6 (7%)                     8 (10%)
     Supine                          25 (30%)                   28 (33%)
     Right                           10 (12%)                   9 (11%)
     Prone                           43 (52%)                   40 (48%)
    Waking positions                                            
     Left                            12 (14%)                   10 (12%)
     Supine                          25 (30%)                   33 (39%)
     Right                           15 (18%)                   14 (17%)
     Prone                           33 (40%)                   27 (32%)
  Part of bed sleeps on                                         
    Left                             42 (51%)                   34 (40%)
    Right                            30 (36%)                   36 (43%)
    Centre                           12 (14%)                   12 (14%)
  Pillow use                                                    
    None                             3 (4%)                     6 (7%)
    Under head                       75 (90%)                   75 (89%)
    Between knees                    7 (8%)                     5 (6%)
    Under tummy                      4 (5%)                     0 (0%)
    Behind back                      4 (5%)                     4 (5%)
    Pregnancy pillow                 1 (1%)                     0 (0%)
    Other (under feet or legs)       2 (2%)                     6 (7%)
  Sleeps with bed partner            65 (78%)                   65 (77%) \[2\]
  Insecticide treated bed net        19 (23%) \[1\]             19 (23%) \[2\]
  Snores ≥3 nights per week          10 (12%) \[1\]             8 (10%) \[3\]
  Past medical conditions†           4 (5%)                     2 (2%)

Normally distributed continuous variables are reported as mean ±SD. Non-normally distributed continuous variables are presented as median (IQR). Count data are presented as frequency (%). Percentages for responses to some questions may add to greater than 100% because some participants checked more than one box in response to a question, eg, for sleep onset position in the last week, some responded 'left' and 'right'. For the same reason, some count data may add up to more than the number of participants in the randomised group.

Square brackets \[number\] indicate that this number of participants did not disclose this data. If there are no square brackets, there are no missing data.

Average currency exchange rate for recruitment period: 1 USD=3.84 Cedis.

\*Indicates a statistically significant difference between groups for these characteristics.

†Specifically, participants were asked about 'intrauterine growth restriction, diabetes (gestational or not), hypertension (pre-eclampsia, gestational, chronic) or other medical conditions (please specify)'.

BMI, body mass index.

Primary outcome {#s3b}
---------------

The birth weight and GROW centile were higher by 110 grams and 7%, respectively, in the PrenaBelt group; however, this did not reach statistical significance on an unadjusted analysis ([table 2](#T2){ref-type="table"}) nor a multivariate linear regression controlling for the only difference in baseline characteristics between groups, that is, self-reported sleep duration (see online [supplementary file 2](#SP2){ref-type="supplementary-material"}).
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###### 

Primary outcome: birth weight and GROW centile

                     Treatment (n=83)   Sham (n=84)     Treatment -- sham Difference (95% CI)   P value
  ------------------ ------------------ --------------- --------------------------------------- ---------
  Birth weight (g)   3191±483           3081±484        110\* (−38 to 258)                      0.14
  GROW centile (%)   43 (18 to 67)      31 (14 to 58)   7† (−2 to 17)                           0.11

Normally distributed continuous variables are reported as mean ±SD. Non-normally distributed continuous variables are presented as median (IQR).

\*Welch two sample t-test.

†Wilcoxon rank sum test.

GROW centile, Gestation Related Optimal Weight customised birth weight centile.

Secondary Outcomes {#s3c}
------------------

One-hundred-sixty participants (79 treatments, 81 shams) completed and returned the sleep diary ([table 3](#T3){ref-type="table"}). Overall adherence was 56%. There was no difference in adherence to using the assigned device between groups. For a subgroup analysis of the effect of adherence on the primary outcome, see online [supplementary file 3](#SP3){ref-type="supplementary-material"} -- the only statistically significant finding was that for the subgroup of participants with 50% or greater adherence (n=80), each 1% increase in adherence conferred a 0.5% increase in the GROW centile (p=0.046) independent of intervention group.
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###### 

Secondary outcomes: participant adherence per sleep diary

  -------------------------------------------------------------------------------
                            Treatment\   Sham\    Treatment -- sham\    P value
                            (n=79)       (n=81)   Difference (95% CI)   
  ------------------------- ------------ -------- --------------------- ---------
  Number of nights of use   42±21        43±22    −1.4 (-8.0 to 5.2)    0.67

  Number of days in trial   76±16        75±17    1.3 (-4.0 to 6.5)     0.63

  Adherence (%)             55±27        58±26    −2 (−11 to 6)         0.57
  -------------------------------------------------------------------------------

Normally distributed continuous variables are reported as mean ±SD and Welch's two sample t-test is used to test for differences.

Pregnancy outcome data were available for 186 participants (95 treatments, 91 shams). There were no differences in pregnancy outcomes between groups ([table 4](#T4){ref-type="table"}).

###### 

Secondary outcomes: pregnancy outcomes

  ---------------------------------------------------------------------------------------------------------------------------------------
                                                             Treatment (n=95)      Sham (n=91)           Treatment -- sham\     P value
                                                                                                         Difference (95% CI)    
  ---------------------------------------------------------- --------------------- --------------------- ---------------------- ---------
  Gestational age at delivery (weeks)                        39.0 (38.0 to 39.9)   39.0 (38.0 to 40.4)   −0.2\* (−0.7 to 0.3)   0.42

                                                                                                         OR (95% CI)            

  Mode of delivery                                                                                                              

   Spontaneous vaginal                                       55 (58%)              43 (47%)              1.5 (0.8 to 2.9)       0.19

   Caesarean section†                                        40 (42%)              46 (51%)              0.7 (0.4 to 1.3)       0.30

   Vacuum extraction                                         0 (0%)                2 (2%)                0 (0 to 5.1)           0.24

  Sex of newborn                                                                                                                

   Male                                                      56 (59%) \[2\]        43 (47%) \[2\]        1.6 (0.9 to 3.0)       0.14

  Stillbirth                                                 2 (2%)                1 (1%)                1.9 (0.1 to 113)       1

  Low birth weight                                           7 (8%) {12}           6 (7%) {7}            1.2 (0.3 to 4.5)       0.78

  Small for gestational age                                  12 (14%) {12}         20 (24%) {7}          0.5 (0.2 to 1.3)       0.17

  Preterm delivery                                           9 (9%)                10 (11%)              0.8 (0.3 to 2.5)       0.81

  Received ≥1 obstetrical diagnosis during labour/delivery   39 (41%)              46 (51%)              0.7 (0.4 to 1.3)       0.24
  ---------------------------------------------------------------------------------------------------------------------------------------

Count data are presented as frequency (%) and Fisher's exact test for count data was used to compute the OR.

Square brackets \[number\] indicate that data is missing for this number of participants.

Curly brackets {number} indicate that this number of participants were excluded from the analysis because their birth weight data were flawed (newborns were weighed on different newborn scales).

\*Gestational age at delivery was non-normally distributed, is presented as median (IQR), and Wilcoxon rank sum test was used to test for difference.

†Note: the caesarean section rate at the study site for 2015, 2016 and 2017 was 47%, 47% and 46%, respectively.

Twenty-three participants (14 treatments, nine shams) in the BPS cohort had complete datasets for analysis and are presented in online [supplementary file 4](#SP4){ref-type="supplementary-material"}. There was no difference in adherence or sleep position between groups in the BPS cohort.

10.1136/bmjopen-2018-022981.supp4

In the feedback interview, participants in the PrenaBelt group were more likely to state that with use of the PrenaBelt, over time, they learnt to not sleep on their backs and that they felt more alert during the day (see online [supplementary file 5](#SP5){ref-type="supplementary-material"} for the complete analysis of participant feedback). Maternity personnel feedback indicates that introducing the PrenaBelt in an antenatal care setting by midwives in a timely fashion is feasible (see online [supplementary file 6](#SP6){ref-type="supplementary-material"}).
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Adverse events {#s3d}
--------------

In assessing adverse events (AEs), all participants who entered the trial (n=200) were included. One-hundred-six AEs occurred. Ninety-five were classified as common AEs. Causality of all serious AEs (SAEs) and all AEs were assessed by the Principal Investigator and classified as related, probably, possibly or unrelated to the intervention/research. Of the 95 common AEs, nine (9.5%) were judged to be likely related to the intervention. This includes six (3% of n=200) who felt too hot and three (1.5% of n=200) who felt too itchy while wearing the device. Three stillbirths and six SAEs preceding or temporally associated with these stillbirths occurred, were assessed, and were judged unrelated to the research. There was no difference in the frequency of AEs or SAEs between groups by Fisher's exact test.

Discussion {#s4}
==========

Principal findings {#s4a}
------------------

This was the first study to longitudinally assess the impact of an intervention for sleep position in pregnant women. Although birth weight and GROW centile were 110 g higher and 7% higher, respectively, in the PrenaBelt group than in the sham group, this was not statistically significant. Adherence was lower than anticipated. Nevertheless, we have demonstrated feasibility of introducing the PrenaBelt to pregnant women in an antenatal care setting by midwives and of use throughout the third trimester since participants were overall pleased with their experience using the PrenaBelt.

Strengths and weaknesses in relation to other studies {#s4b}
-----------------------------------------------------

Throughout the third trimester (2.5 months), participants were adherent to the device a little over half (56%) of the time. This indicates that pregnant women may be less adherent to PT than non-pregnant individuals with obstructive sleep apnoea whose adherence to PT gradually decreases from 93% at 1 month,[@R47] to 74% at 3 months[@R48] and 60% at 6 months.[@R49] The main factor reducing adherence to PT during late pregnancy in our trial was discomfort, and, specifically, that the PrenaBelt was too hot for the climate in Accra where average lows were ≥25°C during the trial period. Other factors inherent to pregnancy itself (eg, musculoskeletal pain, nocturia, sleep disruption) could have also reduced adherence.

For a discussion of the strengths and weaknesses of the BPS datasets and analyses, see online [supplementary file 4](#SP4){ref-type="supplementary-material"}.

Meaning of the study {#s4c}
--------------------

Low birth weight is a significant contributor to stillbirth and neonatal mortality and morbidity in Ghana and globally. Our results showed a 110 g and 7% increase in birth weight and GROW centile, respectively, with the PrenaBelt despite only 56% adherence, but this was not statistically significant. Perhaps low adherence hampered the ability of the PrenaBelt to increase birth weight and birth weight centile, and this may lend support from our subgroup analysis of participants with 50% or greater adherence where each 1% increase in adherence conferred a 0.5% increase in the GROW centile, but this was independent of the intervention. Strategies to maximise adherence to positional therapy in future studies are warranted.

The authors have previously called for the development and testing of a positional therapy device for pregnant women.[@R4] The current study implemented such a device in a population of healthy, pregnant women during sleep in the home setting throughout the third trimester of pregnancy in Ghana. This study extends the work of previous studies demonstrating an association between maternal supine sleeping position in late pregnancy and the risk of late-term stillbirth[@R4] and low birth weight[@R4] by taking the next logical step in testing an intervention to minimise supine sleep throughout the third trimester. Birth weight was chosen as the primary outcome because it is a risk factor for stillbirth, and the latter outcome would demand a prospective cohort of thousands of women in order to be adequately powered, even in Ghana where perinatal mortality rates are higher than Western countries. Whereas efficacy research can maximise an intervention's observed effect if one exists, the intervention's effect in effectiveness research is often tempered by patient-, provider- and system-level[@R50]; therefore, this study also lends insight to our previous PrenaBelt studies in Australia and Canada[@R9] by focusing on PrenaBelt performance under real-world conditions.

Our study demonstrates that left-sided sleeping position is common in late pregnancy, which is corroborated by other studies.[@R7] Left-side preference is likely for comfort reasons as well as high prevalence of 'sleep-on-side' information from the internet, family and social networks and maternity care providers in Ghana.[@R51] However, maternity care providers may need to recommend interventions to minimise unintentional supine sleep because, at baseline, most pregnant women continue to spend a significant amount of time sleeping supine in late pregnancy.[@R9] Providers should be aware that pregnant women underestimate the time they spend sleeping supine.[@R10] Further, a threshold for the proportion of supine sleep that is 'acceptable' is unknown. As with any intervention, providers should recognise that adherence will present challenges -- its precise estimation is not easy and its underlying causes are often elusive. However, many of these challenges can be addressed and adherence optimised through a mutual provider-patient partnership that tailors the intervention to the unique characteristics of pregnant women.[@R52]

Strengths {#s4d}
---------

This study was powered based on previous data from Ghana,[@R4] and it was representative of the population of pregnant women receiving antenatal care at KBTH. The sham-PrenaBelt ensured that the participants in the sham group received every specific benefit of any element of the PrenaBelt above and beyond all benefits that might be attributed to its ability to cause pressure points and, thus, reduced treatment bias. Allocation concealment and randomisation of participants to the treatment or sham group helped avoid allocation bias. Blinding of participants and the outcome assessor further reduced potential sources of bias and strengthened data integrity as did double-entry of data and standardised birth weight measurement on digital newborn scales. This is the first study to investigate use of a positional therapy device by pregnant women in a longitudinal manner in the home setting -- as such, the PrenaBelt was tested under real-world conditions. Inclusion of the GROW centile as a primary outcome enabled delineation between constitutional and pathological smallness.

Weaknesses {#s4e}
----------

We did not incorporate infrared video confirmation of body position during sleep; however, use of video would not be practical or feasible in a longitudinal study, especially in a limited-resource setting.

Self-reporting of device use via the sleep diary introduced inaccuracy in estimating the adherence rate. A small number of participants indicated that they used their device more nights than they were in the trial; however, in our analysis, we accounted for and corrected this.

We did not include objective measures of sleep architecture, timing or duration via actigraphy or polysomnography; thus, we could not confirm sleep duration. However, in two previous studies of the PrenaBelt, the authors were unable to demonstrate an effect on sleep architecture or respiration using actigraphy[@R9] and polysomnography.[@R10]

When instructed to sleep on their left, third-trimester pregnant women can increase the proportion of left-sided sleep and maintain this across multiple nights without a positional therapy device.[@R13] Prior to randomisation, all participants learnt, during the consent process, that the reason for conducting the study was because supine sleep may be a risk factor for SB and LBW. Although participants were not instructed to avoid or prefer any given sleep position, they may have, by simple deduction, concluded that they should avoid supine sleep and prefer lateral sleep. However, since we did not ask participants about whether their sleep onset position changed after study entry, we were unaware of this happening, and this effect, if any, would have been equal across both groups.

Comparison of feedback between participants in the PrenaBelt and sham-PrenaBelt groups (see [supplementary file 5](#SP5){ref-type="supplementary-material"}) may be biased due to limited inclusion of the sham-PrenaBelt participants up until 2 March, 2016, when it was discovered that feedback from the sham-PrenaBelt participants was being inadvertently collected and this collection was subsequently stopped.

We acknowledge the possibility that a participant may have become un-blinded if she had a friend that was in the alternate treatment group and sought to compare devices. We also acknowledge that randomisation using unmarked, security-tinted, sealed envelopes can be subverted.[@R53] However, we were unaware of anything like this happening or what effect it may have had.

The current study was conducted in a cohort of healthy, non-obese, Ghanaian pregnant women; as such, the results may not be generalisable to women with medical or pregnancy complications, differing ethnicity or living in other parts of the world. Household income of our participants was comparable to the national average, but the majority (85%) had a high-school or tertiary-level education, which is significantly more than the national average in Ghana and could limit the generalisability of our results.[@R54]

The current study may be underpowered because despite being based on a previous Ghanaian study by Owusu *et al*,[@R4] the latter study was small. As women were adherent to the intervention for little over half the time, the current study may be underpowered to detect a clinically meaningful difference.

We did not collect smoking data, which is a relevant risk factor for low birth weight. However, among females in Ghana, the prevalence of current smoking is 0.3% (95% CI 0.1% to 0.4%) and the prevalence of ever smoking is 1.2% (95% CI 0.7% to 1.6%).[@R55] Therefore, the impact of smoking on birth weight in the current study is, at most, negligible.

Future research {#s4f}
---------------

Given the impact that adherence has on outcomes, research that incorporates measures to accurately elucidate adherence rates and reasons for non-adherence is imperative. Feedback from participants in this trial can be used to improve the PrenaBelt design for increased adherence. Incorporation of accurate and objective measures of body position will eliminate the need to rely on participants' self-reports and will enable quantification of supine time for linkage to outcomes. If sleeping supine is potentially harmful to the foetus, the amount of supine time that is harmful needs quantification in order to target interventions to avoid this. The results of this trial warrant future, large, multi-ethnic studies that include women with a range of pregnancy and medical conditions to ascertain if the observed effects persist.

Other information {#s5}
=================

Protocol {#s5a}
--------

Full details of the trial protocol are available with the full text of this article (see online [supplementary file 7](#SP7){ref-type="supplementary-material"}).
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